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Abstract
In an extension of our current studies of volume-based thermodynamics and thermoelasticity (VBT), we here consider the parameters at ambient temperature of the dimensionless Grűneisen ratio (or Grűneisen parameter), γ th , which is a standard descriptor of the thermophysical properties of solids: Using the high-temperature limiting value, a o , as a surrogate for α, we find that α is essentially uncorrelated with volume among a range of materials.
As a consequence of the lack of correlation through volume of α with the other Grűneisen parameters, we conclude that the dimensionless Grűneisen ratio at ambient temperatures itself is thereby poorly constant across materials and cannot be reliably used for predictive purposes. It is noted that, for thermodynamic reasons, the values of γ th generally range from about 0.5 to 3, clustering around 2.
Introduction
Thermodynamics is fundamental to understanding of the behaviour of materials, both ) ). [5, 6] The thermodynamic and thermoelastic parameters of a solid are conveniently related through the dimensionless Grűneisen ratio (or Grűneisen parameter): [7] [8] [9] [10] 
Here, the bulk modulus, B or K T , which is the reciprocal of the coefficient of isothermal compressibility, represents the resistance to bulk compression of the material (also known as the incompressibility) and is the form generally favoured by geophysicists.
The Grűneisen ratio, which relates thermophysical constants of solid ionic materials, sets limitations on the thermophysical properties of materials. [7, 10] It is variously defined:
in particular it has definitions both in the microscopic domain and in the macroscopic domain. In the microscopic domain it relates to vibrational frequencies within the solid while in the macroscopic version (which is the form under consideration here), γ th measures the change in pressure resulting from an increase in energy density at constant volume. In its macroscopic form, it enters into equations of state (EoS) for matter in condensed phases and thus is of particular value in respect of high-temperature andpressure conditions, for example in the study of the earth's interior and, more generally, in the study of the extra-terrestrial planets. Its value at ambient pressure is generally close to 2, lying roughly between 0.5 and 3. It is very approximately independent of temperature and generally decreases in value as the volume decreases under pressure. [7] [8] [9] Since the linear relations between β and V m and between C p and V m under ambient conditions have previously been established, [1, 5, 6] it becomes worthwhile to consider whether a further relation can be established between the thermal quantities, α and V m , which would then illuminate the behaviour of the Grűneisen ratio across materials. (Note:
the difference between C p and C v is small for solids and graphs of C p and C v versus V m show very similar behaviour, so that they will be considered to be equivalent for present purposes.)
There are established thermodynamic reasons (which are noted elsewhere [11, 12] ) which explain the clustering of the Grűneisen ratio around a value of 2, as follows: 
Results
In the extensive compilation of Holland and Powell, [14] the cubic thermal expansion coefficient, α T , is represented by a thermal expansion parameter, a o (with the equivalent units, K -1 ), which corresponds to its high-temperature limit. While this is not the exact quantity required for the Grűneisen ratio, it will serve as a suitable surrogate and, indeed, 6 has the useful feature that it provides values at the equivalent corresponding state for all the materials here considered. 
Discussion and Conclusion
Since the cubic thermal expansion parameter, a o , does not show any reasonable correlation with volume, in contrast with the compressibility, β, and heat capacity, C v or C p , we can conclude that the Grűneisen ratio itself is thereby poorly correlated with volume across different materials. The small variability which is observed may be ascribed to the range in values of the thermal expansion parameter seen in Fig. 1 , from about 1 to 10, quite strongly centred around 5 and 6.
As a consequence of these observations, we may conclude that simple empirical relations will be unsuitable for prediction of values of the Grűneisen ratio among ionic solids. 
